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Abstract 
Glass Fiber Reinforced Epoxy(GFRE)  composites are one of the most widely used composite 
materials due to its light weight and higher stiffness, used for aerospace, marine and other 
industrial applications The investigation aims to develop glass-epoxy composite with addition 
of SiC and fly ash as fillers with different weight fractions and to characterize the mechanical 
and damping properties.  In this work the SiC and fly ash powder is mixed as fillers with 
epoxy resin. The SiC and Flyash reinforced glass fiber epoxy composites are fabricated using 
hand lay-up process by varying the different weight percentages (0%, 2.5%, 
5%,7.5%,and10%) of SiC and fly ash. The tensile strength of these specimens are observed 
experimentally by Universal Testing Machine(UTM).The free vibration behavior of SiC and 
fly ash reinforced glass fiber epoxy composites is studied on cantilever type boundary 
conditions using impact hammer technique. The objective of this work is to study the 
influence of SiC and flyash on glass fiber epoxy composites to know the behavior of tensile 
and damping properties. Experimental results shows that the tensile and damping properties 
are improved very much for 10%SiCand Flyash reinforced GFRE composites. 
 
Keywords: Glass fiber, Hand lay-up method,Tensile properties, Natural frequency, damping 
ratio. 
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INTRODUCTION 
Composite materials at those that are 
framed by the blend of at least two 
materials to accomplish properties those 
are better than that of its constituents. By 
and large composite material is made out 
of support installed in a framework. At the 
point when outlined legitimately the new 
consolidated material displays preferable 
quality over would every individual 
material.A composite material is made by 
joining at least two materials are as one to 
make an unrivaled, one of a kind material 
properties, minimizes their shortcoming 
and synthetically particular stages. A 
composite material is heterogeneous at a 
tiny scale however measurably 
homogeneous at naturally visible scale. 
The composite materials have altogether 
unique properties. The composites 
materials can be actually or falsely made 
materials. There are numerous inquires 
about for new materials which will fulfill 
the particular prerequisites for different 
applications like aviation, marine, modern, 
basic, electrical, house-hold, and so on. It 
is unimaginable of any material to satisfy 
all properties. Subsequently, more up to 
date materials are created for more 
required properties. Composites are 
utilized as a part of place of metals since 
they are similarly solid however much 
lighter. 
The principle preferred standpoint of these 
composite materials is their superb surface 
complete, high quality to weight 
proportion, low thickness and weariness 
harm resilience. Henceforth, fiber fortified 
composites are developing as the 
substitution for other economically 
accessible metals in planning the greater 
part of the segments in car and aviation 
enterprises where weight of the segment is 
the basic element. 
 
LITERATURE REVIEW 
This section presents the literature review 
of similar works done previously in the 
area of composite materials. 
 
Sandhyarani Biswas et al [1] decided the 
physical and mechanical properties of 
bamboo fiber strengthened epoxy 
Composites. Composites were 
manufactured utilizing short bamboo fiber 
at various weight rates and watched that 
couple of properties increments 
fundamentally as for fiber stacking, 
properties like void portion increments 
with the expansion in fiber stacking. To 
lessen the void division, enhance hardness 
and other mechanical properties thus 
silicon carbide filler is included bamboo 
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fiber fortified epoxy composites coming 
about expands hardness, elasticity and 
flexural quality. Mukul Kant Paliwal and 
Sachin Kumar Chaturvedi [2] examined 
the rigidity of glass fiber and epoxy pitch 
based composite with CaCO3 as filler. E-
glass/epoxy composites were produced to 
manufacture the examples, by utilizing 
Hand lay-up strategy. 
 
Maria Virginia Gelfuso et al [3] examined 
on vibrational examination of coconut 
fiber composites. In this venture, the 
polymer material loaded with coconut 
fiber composites were made by infusion 
handling and mechanically portrayed by 
pliable and element testing. Dynamic tests 
were performed to coconut fiber 
Polypropylene composites. The outcomes 
demonstrated that the youthful's modulus 
diminishes with increment in coconut fiber 
content upto 15% of coconut fiber and 
again it increments at 20% of coconut 
fiber. B. S. Bena et al [4] performed 
damping estimation in composite materials 
utilizing consolidated limited component 
and recurrence reaction technique. 
Damping in composites includes an 
assortment of vitality scattering systems 
that rely on upon vibration parameters, for 
example, recurrence and plentifulness and 
these are contemplated with 
nondestructive assessment. Damping in a 
framework can be dictated by noticing the 
greatest reaction. Consolidated limited 
component and recurrence reaction has 
been investigated in this work and tests 
were done on CFRP and GFRP composite 
plates. The materials have been portrayed 
for damping parameters at their mode 
frequencies. The primary preferred 
standpoint of this strategy is that the 
materials can be tried in high recurrence 
go, particularly at its characteristic 
frequencies and at moderately low 
amplitudes and in a non-distractive 
manner.  
 
S. B. Singh and Himanshu Chawla [5] 
concentrated on trial impact of set patterns 
on the characteristic recurrence and 
damping of the composite plate. 
Composite covers were produced using 
unidirectional glass fiber with stacking 
grouping of [0/90] s. The test comes about 
demonstrate that normal recurrence 
diminishes while damping coefficient 
increments with increment in the span of 
set pattern in overlaid plate.  
 
From writing study the writer 
distinguished some of crevices in the range 
of GFRE composites by loading with SiC 
and fly cinder on GFRE composites to 
know the ductile and damping properties. 
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MATERIALS USED 
FORFABRICATION 
In order to fabricate the fly ash reinforced 
glass fiber epoxy composites, the 
following materials are used. 
 
E -Glass fiber(woven roving mat) 
Glass filaments are the most widely 
recognized of all fortifying strands for 
polymeric grid composites (PMC). The 
guideline points of interest of glass 
filaments are minimal effort, high 
elasticity, high substance resistance, and 
fantastic protecting properties. The 
impediments are moderately low 
malleable modulus and high thickness 
(among the business filaments), 
affectability to scraped area amid taking 
care of generally low weariness 
resistance, and high hardness (which 
causes extreme wear on trim bites the 
dust and cutting apparatuses). The glass 
strands come in assortment of structures 
in view of silica which is consolidated 
with different components to make forte 
glass as appeared in Fig1.The properties 
of E-Glass fiber is as appeared in Table 1. 
 
Table 1Properties of E-Glass fiber 
Density  
(g/cm
3
) 
Tensile 
strength 
Young’s 
modulus    
Poisson’s 
Ratio 
(MPa) (GPa) 
2.6 2050 85 0.23 
B.Epoxy resin 
Epoxy gums are polymeric or semi-
polymeric materials, and all things 
considered once in a while exist as 
unadulterated substances, since variable 
chain length comes about because of the 
polymerization response used to deliver 
them. High virtue evaluations can be 
delivered for specific applications, e.g. 
utilizing a refining purging procedure. One 
drawback of high virtue fluid evaluations 
is their propensity to shape crystalline 
solids because of their exceptionally 
standard structure, which oblige softening 
to empower processing[6]. 
 
Fig1 woven roving mat 
 
C.Hardner 
Hardener is high gooey fluid material, 
blended with tar in appropriate extent amid 
the procedure of arrangement of 
composites which helps in the cementing 
of the wet, smooth composite. It is utilized 
to solidify the smooth composite 
subsequently it is called as hardener. 
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D.Flyash 
Coal-smoldering force plants that expend 
pounded strong fills deliver a lot of coal 
fiery debris. These are the finely 
partitioned mineral deposit coming about 
because of the burning of ground or 
powdered coal in electric power creating 
plant. The coal slag comprises of 
inorganic, incombustible matter present in 
the coal that has been melded amid 
burning into a polished, nebulous 
structure. The extent of fly fiery debris 
utilized as a part of this work is seen as 
20µm. [7]. 
 
E. Silicon Carbide 
Silicon carbide is made out of tetrahedra of 
carbon and silicon particles with solid 
bonds in the precious stone grid. This 
delivers a hard and solid material. Silicon 
carbide is not assaulted by any acids or 
antacids or liquid salts up to 800°C. In air, 
SiC frames a defensive silicon oxide 
covering at 1200°C and can be utilized 
something like 1600°C. The high warm 
conductivity combined with low warm 
development and high quality give this 
material uncommon warm stun safe 
qualities. The extent of fly slag utilized as 
a part of this work is seen as 80 coarseness 
measure (177µm) SiC particles were 
utilized as strengthened. 
 
FABRICATION OF COMPOSITES 
Hand lay-up technique 
Hand lay-up technique is the simplest and 
oldest open molding method of composite 
fabrication process.In this work,Sic, flyash 
powder of different weight percentages 
(0%,5%,10%,15%,20%) are mixed with 
epoxy-hardner mixture and fiber 
reinforcements,Sic and flyash epoxy 
mixture are placed manually against the 
mold surface as shown in Fig2.The 
thickness is controlled by layers placed 
against the mold.After the preparation of 
specimens,the workpieces are cured for 24 
to 36 hrs [8].so that work pieces will get 
hard.After this,the specimens were cut 
according to ASTM standards using 
cutting machine.The designations of 
workpieces are shown in Table 2. 
 
 
Fig 2Fabrication by hand lay-up method 
 
Table 2 Designation of work pieces 
Material 
code 
Glass 
Fiber 
(wt%) 
Matrix(wt%) SiC 
Filler 
(wt%) 
FlyAsh 
filler 
(wt%) 
Base 50 50 0 0 
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S1 50 45 2.5 2.5 
S2 50 40 5 5 
S3 50 35 7.5 7.5 
S4 50 30 10 10 
 
EXPERIMENTAL WORK 
Tensile properties ofSiCand  flyash 
reinforced glass fiber epoxy composites 
In order to know the tensile properties of 
SiC, fly ash reinforced composites in 
different weight percentages of SiC, flyash 
the specimens are cut according to ASTM 
D 638 standards as shown in Fig3.These 
specimens are loaded in computerized 
Universal Testing Machine(UTM) of 
TUE-C600 [9].as shown in Fig4.The 
tensile strength and Young’s modulus 
values are tabulated in TABLE 3.The 
failure specimens for the tensile test 
reported in Fig 5. 
 
 
Fig 3 ASTM standard specimen for tensile 
testing 
 
 
Fig 4Universal Testing Machine (UTM) 
 
Fig 5Failure Specimens of Tensile Test 
 
 
Fig 6 Specimens for vibration test 
 
Dynamic properties ofSiC and Flyash 
reinforced Glass Fiber Epoxy 
Composites 
Natural frequencies and damping ratio of 
SiC, flyash reinforced glass fiber epoxy 
composites are determined using Impact 
Hammer test. The samples are cut from the 
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laminates in the form of beam of 
dimensions 190mm×20mm×5mm.The 
specimens which are clamped in the bench 
vice in the form of cantilever beam of span 
140mm.The equipment used for vibration 
testingwhich are reported in Fig 6 mainly 
consists of  Impact hammer(Model number 
2302-5), Accelerometer(B&K type 4507), 
FFT analyzer(Model CoCo-80) which are 
reported in Fig 7& 8. 
 
The connections of 
FFTanalyzer,accelerometer,Impact 
hammer and cables to the system were 
done as specifications. The accelerometer 
is placed near the free end of the beam to 
record the vibration signals. The 
experiment is conducted as cantilever 
beam in cantilever type boundary 
conditions. The free vibration anaysis is 
initiated by exciting the beam with Impact 
hammer.As a result,the beam starts 
vibarting with natural frequency. Impact 
testing for remaining specimens is 
conducted by repeating the above 
procedure and corresponding frequencies 
curves are saved in FFT analyzer. The 
resulting frequency response functions are 
transmitted from FFT analyzer to a 
computer for modal parameter extractions 
using EDM (Engineering Data 
Management) software. 
 
Fig 7 Impact hammer and accelerometer 
 
Fig 8 FFT analyzer 
 
The frequency response curve obtained for 
Base  Specimen is shown in Fig 9.The 
natural frequencies obatined for different 
mode shapes are shown Table 4. 
 
 
Fig 9 Impact hammer test procedure 
 
Damping Measurement 
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Damping ratio is calculated by half wave 
bandwidth technique by calculating Q 
fator.Q factor is calculated by taking 
reference bandwidth of 3db below the 
peak value as shown in Fig 10. 
 
 
Fig 10 Half wave bandwidth technique 
 
Q factor is given by 
Q = 
fn
𝑓1−𝑓2
 
Now damping ratio zeta(ζ) is given by  
              ζ= 
1
2𝑄
 
 
RESULTS AND DISCUSSION 
The experimental results obtained for 
tensile & damping test were reported in 
Table 3,4 & 5. 
 
Table 3 Tensile Strength of Composites 
Type of 
composite 
Tensile 
strength(MPa) 
Young’s 
Modulus 
(MPa) 
BASE 355 2343 
S1 449 2947.31 
S2 451 3712.32 
S3 375 3094.05 
S4 412 2719.25 
 
 
Fig 11 Variation of tensile strengh of 
different SiC and  flyash percentages 
 
It is observed from the Fig 11 that tensile 
strength was obtained to be more for 10% 
Sic and Fly ash reinforced glass fiber 
epoxy composites. It was observed from 
the Fig 12 that maximum damping ratio is 
obatined for 10% Sic and Flyash 
reinforced glassfiber epoxy composites. 
 
 
Fig12 Frequency Vs dB curve for BASE 
specimen 
 
Table 4Natural frequencies of SiC and 
Flyash reinforced glass fiber composites 
Type of 
composite 
Natural frequencies(Hz) 
Mode 1 Mode 2 Mode 3 
0
100
200
300
400
500
BASE S1 S2 S3 S4
Tensile 
strength 
(MPa)
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BASE 18.13 69.38 130 
S1 33.75 82.50 220.25 
S2 37.5 119.3 302.42 
S3 28.13 75.63 190.23 
S4 23.75 72.33 145.74 
 
Table 5 Damping ratos for Sic and Flyash 
reinforced glass fiber composites 
 
Material Damping ratio in(€) 
BASE 0.138 
S1 0.362 
S2 0.515 
S3 0.312 
S4 0.293 
 
 
Fig 13 Variation of Damping ratios for 
different SiC and Flyash percentages 
 
Table 4 shows the natural frequencies of 
different mode shapes. Table 5 shows 
Damping ratios of  different weight 
percentage SiC and  Fly ash reinforced 
glass fiber composite materials. Fig 13 
shows  Variation of Damping ratios for 
different Flyash and SiC percentages. 
 
 
 
CONCLUSIONS 
Experimental investigation on Tensile and 
Damping properties of Sic and Fly ash 
reinforced Glass fiber epoxy composites 
with different weight percentages (0%, 
2.5%, 5%, 7.5%,and 10%) are done in this 
work.The following conclusions were 
drawn from this work. 
 
1. The maximum tensile strength is found 
to be more for a composite having S2 
filler reinforced GFRE composites in 
comparision with other compositions. 
2. The natural frequencies and damping 
ratios are more for composite having 
S2filler reinforced GFRE composites 
in comparision with other 
compositions where the S3 and S4 
filled reinforced GFRE composites 
exhibites lesser in Tensile and 
Damping properties as the 
imprignation of higher level of filler 
leads to agglomeration of particles 
which leads to damage the stress 
concentration of polymer matrix. 
 
It is due to assemblageof Flyash particles 
which can increase the stress concentration 
in the structure of polymer matrix which 
results in decrease of damping properties. 
It is due to SiC particales inclusion in glass 
0
0.2
0.4
0.6
BASE S1 S2 S3 S4
Damping ratios
Damping 
ratios
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fiber reinforced composite obtain high 
Tensile Strength. 
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